Two field experiments were conducted during the two successive winter seasons of 2012/2013 and 2013/2014 at Al-Bramoon Experimental Farm, Hort. Res. Institute, El-Dakahlia Governorate to study the effect of Silicate dissolved bacteria (SDB) and Thiobacillus Bacteria (TB) inoculation with different rates of potassium and sulfur fertilization on plant growth, yield and chemical constituents of garlic plants cv Sids-40. The used experimental design was split plot with three replicates. Potassium and sulfur fertilization represented the main plots at rates of 50, 75 and 100 % from the recommended dose, and the subplots were assigned to Silicate and Thiobacillus Bacteria either single or combined inoculation.
INTRODUCTION
Garlic (Allium sativum, L.) is one of the oldest cultivated vegetables. Its medicinal effects has proved from thousands years. The edible part of garlic plant is the garlic cloves. Garlic contains antibiotics of garlicin and allistatin, number of enzymes, amino acids and some of trace elements. It is eaten directly or added to food for its flavor. Also, it is used in preparation of smoked-meat products and in some medicaments. Nowadays it is valued for its essential oil contents (Malý et al. 1998) . Garlic has been generally cultivated for both local consumption and export. Therefore, increasing garlic yield and improving bulb quality are essential aims for both growers and consumers. Potassium (K) is one of the major essential macronutrients required for plant growth and development and commonly applied as fertilizer for optimizing yield. Potassium could be existed in soil in readily available, slowly available and fixed or unavailable forms. Potassium dissolved in soil solution, and that adsorbed on exchangeable sites is considered readily available for plant growth. Although K is not a constituent of any organic molecule or plant structure,it is involved in numerous biochemical and physiological processes and has pivotal role for enhancing plant growth, yield quantity& quality and stress tolerance (Cakmak, 2005) . Potassium takes part in many essential processes, such as: enzyme activation, protein synthesis, photosynthesis, phloem transport, osmo regulation, cation-anion balance, stomatal opening and light driven nastic movement, (Marschner, 1995) . Potassium fertilization is very indispensable, for horticultural crops particularly to those comprising underground organs including garlic.
Sulfur (S) is considered as fourth major element for most crops nutrition (Hitsuda et al.2005) . Despite the fact that S is not existed in chlorophyll formation, it is essential for chlorophyll biosynthesis (Messick and Fan, 1999) . Sulfur is required for the synthesis of sulfur containing amino acids (cystine, cysteine and methionine), which are essential components of protein. Ali, (2002) found that application of sulfur increased vegetative growth and total yield of potatoes. Awad et al. (2002) found that total tuber yield /fed., number of tubers / plant, tuber average weight and tuber dry weight (%) of potato were significantly increased with increasing sulfur levels. They showed also that N, P and K contents in the foliage and tubers of potato significantly increased with increasing sulfur levels. EL-Morsy, (2005) showed that the garlic plants received sulfur element were better than those of the unfertilized ones. Increasing of applied sulfur level from 200 to 400 kg S/fed significantly increased plant height, number of leaves, plant dry weight and bulbing ratio as well as total yield and bulb weight and diameter. Moreover, sulfur application at 400 kg /fed significantly increased TSS %, volatile oils and concentration of N, P,K and micronutrients ( Fe, Zn and Mn) in cloves and enhanced the storability. Abou EL-Khair, (2010) indicated that all applied sulphur quantity had significant enhancing effect on garlic plants growth ( roots, bulb, leaves and total dry weight/plant), plant nutrients uptake and bulb quality at harvesting time and increased total yield/fed as well as bulb weight. Beside its nutritional value, S has a significant effect on improving soil quality parameters. It is well known that S could have an ameliorating effect on pH value to be suitable for nutrients uptake.
Biofertilizers have been used as sources to improve the status of plant nutrients in sustainable agriculture. The use of plant growth promoting rhizobacteria , including phosphate solubilizing, potassium dissolving bacteria and sulfur oxidizing bacteria (Thiobacillus spp.) as biofertilizers, was suggested as a sustainable solution to improve plant nutrient and production, (Vessey, 2003) . A productive and sustainable agricultural system is fundamental to the well being of a nation and a corner stone of its development. Silicate bacteria or Ksolubilizing bacteria (Bacillus circulans)and /or (B.mucilaginosus) are generally placed in the spacies and widely used in biological fertilizers. It has the ability to release some relatively insoluble mineral elements from soil. However, in K + deficient media, B. cerculans can release K + ,AL +3 and Si +2 from soil mineral. Sheng (2005) documented that, it also has the ability to solubilizes unavailable form of K minerals, by exerting organic acids, which either directly dissolve rock K or chalate silicon ions to bring the K into solution. Bacillus mucilaginosas had strong ability for maximum potassium solubilization and it colonize and develop very rapidly, when inoculated into soil. It also markedly improved phosphorus (P) potassium (K) nutritional status in the soil, (Sugumaran and Janarthanam, 2007) . They also showed that the bacteria may produce specific bacterial acids, alkalines or chelants to enhance the release of elements from potassium containing minerals. However, (Badr et al., 2006) reported that, residual soil fertility estimated by K and P concentration, after harvest, underwent considerable increases due to inoculation of silicate dissolving bacteria. They recommended the use of silicate dissolving bacteria as an efficiently good biofertilizers to replace chemical fertilizers and reducing cost of crop production.
Thiobacillus spp bacteria are chemolithotrophs and secure their energy by sulfur oxidation, Tisdale et al.(1984) . This feature of Thiobacillus bacteria is also effective on the plants Fe uptake. When there is sufficient population of Thiobacillus bacteria in soil, they start sulfur oxidation which results in the reduction of pH, increasing the availability of nutrients to plants roots, Killham (1994) . Sabagh et al.(2014) find out that the presence of Thiobacillus bacteria reduced soil pH and rate of iron absorbed is increased.
The main object of this work was to study the effect of different rates with potassium, sulfur fertilization and inoculation with Silicate and Thiobacillus bacteria on garlic cv. Sids-40.
MATERIALS AND METHODS
Two field experiments were conducted at Al-Bramoon Experimental Farm, Hort. Res. Institute, El-Dakahlia Governorate during the two successive winter seasons of 2010/2011 and 2011/2012 to study the effect of different rates of potassium, sulfur fertilization and inoculation with Silicate and Thiobacilli bacteria on garlic cv. (Sids 40). Randomized samples were collected from the experimental soil at 0.0 to 30.0 cm depth, before planting to determine the physical and chemical properties in accordance to the method of Page (1982) . Data of soil analysis is presented in Table (1) . A split plot design in a randomized complete block with three replicates was used. The main plots were assigned to four potassium and sulfur fertilization ratesas follows: 1-(0 K 2 O +0 S). 2-72 kg K 2 O/fed. + 300 kg S/fed. = 100 % from recommended rate. 3-54 kg K 2 O/fed. + 225 kg S/fed. =75 % from recommended rate. 4-36 kg K 2 O/fed. +150 kg S/fed. = 50% from recommended rate. Potassium treatments were applied in the form of potassium sulfate ( 48 % K 2 O ), and S was applied in the form of elemental sulfur .
The subplots were devoted to the four inoculations treatments as follows: 1-Without inoculation. 2-Silicate dissolving bacteria inoculation. 3-Thiobacillus spp inoculation. 4-Silicate dissolving bacteria + Thiobacillus spp inoculation.
The bacteria strains were kindly obtained from the Biofertilizers Unit, Fac. Agric., Ain Shams Univ., Cairo, Egypt. The bacteria strains were added after 21 days from planting date.The subplot area was 10.5 m 2 included 5 ridges (3.5 m long and 0.6 m width). Each treatment was separated by two guard ridges.Garlic cloves were planted in on the first week of October in both seasons.The uniform garlic cloves were soaked in running water for 24 h prior to cultivation and handplanted at 10 cm apart on two sides of each ridge. All the plants were fertilized with ammonium sulfate (20.6% N)at a rate of 120 kg N /fed, and calcium super phosphate (15.5 % P 2 O 5 ) at rate of 75 kg P 2 O 5 /fed. Fertilizers were added in three equal portions. The first portion of calcium super phosphate was broadcasted during soil preparation, and the second portion was added with the first portion of N at 30,60 and 90 days after planting. The other agricultural practices for garlic commercial production were conducted according to the recommendations of the Ministry of Agric. in Egypt. The harvest time was in the first week of April in both seasons. Data recorded: 1-Growth parameters: a random samples of ten plants were taken from each plot after 120 days from planting,cleaned from the dust, and dried at 70 °C till constant weightto estimate plant height, number of leaves /plant, neck diameter /plant, bulb diameter /plant, fresh weight /plant, dry weight /plant and bulbing ratio, It was measured as reported by Mann(1952) .
Bulb diameter (cm) Diameters of both plant neck and bulbs were determined by caliper, and total chlorophyll (was measured as SPAD units using Minolta SPAD -501 chlorophyll Meter, Minolta Co. Ltd. Japan). 2-Yield and its components : at harvest time , marketable bulbs of each plot were cured, 15 days after harvest, weighted in kg and converted to record as total yield (ton/fed). A random sample (10 bulbs) was taken from each treatment to determine bulb fresh weight (g), as well as number of cloves/bulb and clove weight (g). 3-Chemical analysis : samples of dried cloves were ground, wet digested as described by Hesse (1971) and their nitrogen (N), phosphorus (P) and potassium (K) contents were determined according to the methods described by Bremner and Mulvaney (1982) , Olsen and Sommers (1982) and Jackson (1970) , respectively.The volatile oils percent was determined according to the method of Guenther (1961) . The statistical analysis:all data were analyzed statistically by the analysis of variance using CoStat software(CoHort Software,Monterey,USA ). Mean comparisons were conducted using an ANOVA utilizing the least significant difference (LSD) (P<0.05 )test.
RESULTS AND DISCUSSION

A-Vegetative growth: 1-Effect of potassium and sulfur levels :
Data in Tables 2 and 3 indicate that increasing K+S levels from zero up to 100 % K + S(72 kg K 2 O/fed +300 kg S/fed ) significantly increased the growth parameters of garlic plants as expressed as plant height, bulb diameter/plant, leaves number /plant, fresh weight / plant, dry weight /plant and total chlorophyll Reading SPAD unit, as compared with control treatment.
However, this level of K+S significantly decreased bulbing ratio and neck diameter /plant in both seasons . The highest values of bulbing ratio and neck diameter /plant were obtained by the rate of 50% K +S in both season. These results were in agreement with El-Sawy et al. (2000) 
2-Effect of biofertilizers
Regarding to bio-fertilizers, data in Tables 2 and 3 show that biofertilizers application increased significantly plant height, bulb diameter/plant, fresh and dry weight / plant, total chlorophyll Reading SPAD unit in both seasons and leaves number /plant in the second season only. Inoculation of silicate dissolving bacteria (SDB) with Thiobacillus spp (TB) was most effective treatment Meanwhile SDB has a direct effect on plant vegetative growth due to its ability to produce hormones, especially IAA and GA. Former reports illustrated that inoculation with Bacillus mucilaginosus increased the groundnut plant dry matter 125 % and oil content 35.41 % compared than control (Sheng et al., 2002a; Sugumaran and Janarthanam 2007) . Sabagh et al. (2014) found that inoculation of Thiobacillus spp (TB) with sulfur fertilizer increased the absorbed macro and micronutrients and increased the vegetative growth of plant. These results were true in both seasons. 
3-Effect of interactions
The interaction among potassium, sulfur fertilization and bio fertilizers had significant effects on growth parameters in both seasons (Tables 2 and 3) .The highest values of plant height, bulb diameter/plant, leaves number, fresh and dry weight /plant and total chlorophyll Reading SPAD unit were improved by using 100 % (K + S) with silicate bacteria+ Thiobacillus, exept of neck diameter and bulbing ratio. However, the highest value of neck diameter/ plant was associated with the treatment of SDB + TB with 0% K+S and the highest value of bulbing ratio was induced by control treatment in the first season and 50%K+S without inoculation treatment in the second season. These results were true in both seasons. The increment in vegetative growth response to K +S fertilization was reported by (Marschner, 1995 ) . (Sabagh et al. 2014 ) based on the results that sulfur and bacteria Thiobacillus spp application had a significant effect on the soil pH by oxidation of sulfur produced some of sulfuric acid in soil, hence reduce the pH in the soil and improved soil chemical properties and increased the availability of certain plant nutrients macro and micronutrients and enhanced the growth in garlic plants over control and Elkholy et al.(2012) found that inoculation of SDB and application of K fertilizer significantly increased the growth of potato plants .
B -Yield and its components : 1-Effect of K +S levels :
Data presented in Table 4 show that potassium and sulfur fertilization had significant increases in total yield, fresh weight / bulb and clove weight in comparison with control. In contrast, cloves number/bulb was markedly decreased by potassium and sulfur fertilization addition. These results were true in both seasons. The highest values of total yield, fresh weight/bulb and clove weight were observed by application of 100 % (K+S), may be due to the combined application of K+ S fertilizers while the number of cloves /bulb was reduced by the addition of 100 % (K+S) and the highest value of number of cloves/bulb was obtained by the control treatment (0% K+S). These results were in agreement with El-Sawy et al. (2000) 
-Effect of biofertilizers
Concerning the effect of bio-fertilizers treatments on garlic yield and its components, data recorded in Table 4 indicate that adding silicate dissolving bacteria SDB and Thiobacillus bacteria TB in combination increased significantly the total yield, fresh weight / bulb and clove weight characters, and had the lowest values for cloves number/bulb, as compared with the control treatment in both seasons. The highest value of cloves number/bulb obtained by TB inoculation treatment., (Sugumaran and Janarthanam 2007) Regarding the interaction effect, there were significant effects on garlic yield and its components Table 4 .The highest values of total yield, fresh weight / bulb and clove weight were recorded by using 100 % (K + S) of recommended dose with silicate bacteria+ Thiobacillus in both seasons and this treatment significantly decreased the cloves number/bulb. The highest value of cloves number/bulb was obtained by control treatment in the first season and TB inoculation with 0 %(K+S) in the second season. Ahmed et al.( 2009) indicated that the interaction within mineral -K and bio -K fertilizers caused a significant effect on the total tubers yield, physical and chemical properties of potatoes. Sabagh et al. (2014) revealed that application of recommended dose of Thiobacillus bacteria and sulfur enhanced the yield attributes in garlic over control. Thiobacillus bacteria by oxidation of sulfur produced some of sulfuric acid and at low buffered properties can considerably reduce pH. With soil sulfur, sulfur oxidation and bacteria population will be increased and it requires more nutrients to bacteria. Therefore, oxidation of sulfur in the fertile soil more quickly has done, (Agrifacts, 2003) .
C-Chemical constituents : 1-Effect of K+S levels :
Data presented in Table 5 revealed that potassium and sulfur fertilization had significant increases in the concentration of N %, P %, K % and volatile oils % .The highest values of the concentration of N %, P %, K % and volatile oils % were obtained by application of treatment (100 % K+ S). These increases may be due to the combined application of K+ S fertilizers. These results were in agreement with those of El-Sawy et al. (2000) , Labib et al.(2012) 
2-Effect of biofertilizers :
Data in Table 5 show that the treatment of inoculation with silicate dissolving bacteriaand and Thiobacillus bacteria significantly gave the highest values of the concentration of N %, P %, K % and volatile oils %. These results were true in both seasons. Meanwhile SDB has a direct effect on due to its ability to produce hormones, especially IAA and GA (Sheng et al., 2002a) , (Sugumaran and Janarthanam 2007) and Sabagh et al. (2014) on garlic showed that inoculation of TB decreased soil pH and increased macro and micronutrients absorption.
3-Effect of interaction
The interaction between potassium, sulfur fertilization and bio fertilizers had significant effects on the concentration of chemical constituents parameters in both seasons. The highest values of the concentration of N %, P %, K % and volatile oils % Table 5 were obtained by application of treatment (100% K+S with inoculation with silicate dissolving bacteria and Thiobacillus bacteria) in both seasons followed by treatment of (75% K+S with inoculation with silicate dissolving bacteria and Thiobacillus bacteria). These results were true in both seasons. . Sabagh et al. (2014) on garlic revealed that application of recommended dose of Thiobacillus bacteria and sulfur enhanced the concentration of uptake elements in garlic cloves over control treatment. Elkholy et al. (2012) 
